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ADJUSTMENT OF FREQUENCY OF DOT
CLOCK SIGNAL IN LIQUID

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a liquid crystal display
apparatus which can be connected to a computer 1n place of
a cathode ray tube display apparatus. More particularly, the
present invention relates to a liquid crystal display apparatus
having a function to automatically adjust a frequency of a
dot clock signal reproduced on the side of the liquid crystal
display apparatus to an optimal value to it to the frequency
of a dot clock signal 1n a cathode ray tube display apparatus.

2. Description of the Related Art

Generally, a horizontal sync signal, a vertical sync signal
and analog image signals R, G, B are imputted from a
computer or a workstation to a display apparatus. The
frequency of a dot clock signal in the computer and the
workstation as an 1mage signal source depends on the model
and resolution of the image signal source. The relation of the
dot clock signal frequency and the mode and resolution is
shown 1n the following table 1.

TABLE 1
horizontal vertical dot clock
frequency frequency frequency
model resolution (KHz) (Hz) (MHz)
A 600 x 400 24.827 56.424 21.053
B 640 x 480 31.469 70.087 28.322
C 832 x 624 31.469 74.000 57.283

FIG. 1 1s a block diagram 1llustrating the structure of a
conventional liquid crystal display apparatus to which a
computer 1s connected. In the conventional liquid crystal

display apparatus, a microcomputer 35 measures a horizon-
tal sync signal and a vertical sync signal during a predeter-
mined time period and calculates the frequency of the
horizontal sync signal and the frequency of the vertical sync
signal based on the measuring result. Then, the microcom-
puter 35 estimates the model of the computer from the
calculating result using a table 36 like the table 1.
Consequently, the microcomputer 35 controls a phase
locked loop (PLL) circuit 34 based on a dot clock value for
the estimated computer such that a dot clock signal corre-
sponding to the computer 1s reproduced. An A/D converter
31 samples an 1mage signal 1n accordance with the dot clock
signal reproduced by the PLL circuit 34 and converts into a
digital signal. A data processing circuit 32 adjusts timing and
so on such that the 1mage signal converted into the digital
signal can be displayed on a liquid crystal display unit 33.

However, there 1s a case where the reproduced dot clock
signal 1s subtly different from the dot clock signal used 1n a
computer, depending on the model and resolution of the
computer. In such a case, a user conventionally adjusts the
frequency of the dot clock signal using switches and so on
such that blur, color deviation, fluctuation and so on can be
climinated, while confirming a display by the eyes.

There 1s known a liquid crystal display apparatus dis-
closed in Japanese Laid Open Patent Disclosure (JP-A-
Heisei 7-160222) in which the above adjustment is auto-
mated. In this apparatus, a specific 1image signal for the
adjustment 1s inputted from a computer. While the frequency
of the dot clock signal 1s changed, whether or not an 1mage
data 1s correctly A/D-converted 1s determined 1n units of
dots during one horizontal period. When all the A/D-
converted data become correct, the correct dot clock state 1s

established.
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As mentioned above, m the conventional liquid crystal
display apparatuses, when the 1mage signal sources such as
the computer and the liquid crystal display apparatus are
subtly different from each other 1n the frequency of the dot
clock signal, the frequency of the dot clock signal on the side
of the liquid crystal display apparatus has been manually
adjusted such that the blur and fluctuation can be eliminated.

Also, 1n the liquid crystal display apparatus disclosed 1n
Japanese Laid Open Patent Disclosure (JP-A-Heisel
7-160222), the automatic adjustment is accomplished. In
this case, however, 1t 1s required that the computer outputs
the specific image signal for the adjustment.

SUMMARY OF THE INVENTION

Therefore, the present invention 1s accomplished to solve
such problems. An object of the present invention 1s to
provide a liquid crystal display apparatus in which the
frequency of a dot clock signal can be automatically
adjusted without using a specific 1mage signal for the
adjustment, when the liquid crystal display apparatus is
connected to a computer to display an 1mage signal.

Another object of the present invention 1s to provide a
method of automatically adjusting the frequency of a dot
clock signal without using a specific image signal for the
adjustment, when the liquid crystal display apparatus 1s
connected to a computer to display an 1mage signal.

In order to achieve an aspect of the present invention, a
liquid crystal display apparatus connected to a computer
includes a screen size detecting section for detecting a
screen size data indicating a size for one screen from a
horizontal sync signal, a vertical sync signal, an 1mage data
signal and a dot clock signal, wherein the horizontal sync
signal, the vertical sync signal and the image data signal are
supplied from a computer, a dot clock signal generating
circuit for generating the dot clock signal from the horizon-
tal sync signal, a control section for controlling the dot clock
signal generating circuit to generate the dot clock signal
having a target frequency based on the detected screen size
data, the horizontal sync signal and the vertical sync signal,
such that the dot clock 1s adaptive for the computer, and a
display section including a liquid crystal display unit, for
displaying the image data signal on the liquid crystal display
unit 1n response to the dot clock signal having the target
frequency.

The control section may i1nclude a first section for moni-
toring the horizontal sync signal and the vertical sync signal
to generate a first control data, and a second section for
generating a second control data based on the screen size
data and the first control data. In this case, the dot clock
signal generating circuit generates the dot clock signal
having a first frequency based on the first control data and
ogenerates the dot clock signal having a second frequency as
the target frequency based on the second control data. In
other words, the first section includes a table for storing a
plurality of data sets, each of which represents a relation of
a horizontal sync signal frequency, a vertical sync signal
frequency, a target dot clock signal frequency and a target
resolution, and a section for measuring the horizontal sync
signal frequency and the vertical sync signal frequency, for
referring to the table based on the measured horizontal sync
signal frequency and the measured vertical sync signal
frequency, and for outputting the first control data corre-
sponding to the target dot clock signal frequency to the dot
clock signal generating circuit based on the referring result.
In this case, the second section further includes: a section for
calculating a ratio of the target resolution to the screen size
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data to output, as the second control data, a data obtained by
multiplying the calculating result by the first control data.

Alternatively, the control section may include a control
data generating section for monitoring the horizontal sync
signal and the vertical sync signal, and for generating a
control data based on the screen size data and the monitoring
result. In this case, the dot clock signal generating circuit
generates the dot clock signal having the target frequency
based on the control data. In other words, the control data
generating section includes a table for storing a plurality of
model data each of which represents a relation of a hori-
zontal sync signal frequency, a vertical sync signal
frequency, a target dot clock signal frequency and a target
resolution, and a section for measuring the horizontal sync
signal frequency and the vertical sync signal frequency, for
referring to the table based on the measured horizontal sync
signal frequency and the measured vertical sync signal
frequency to obtain the target dot clock signal frequency and
the target resolution, for calculating a ratio of the target
resolution to the screen size data, and for outputting, as the
control data, a data obtained by multiplying the calculating
result by the target dot clock signal frequency.

The screen size detecting section includes a counter for
counting dot clocks of the dot clock signal for every hori-
zontal scan line, a signal level comparator for comparing the
image data signal and a reference signal level, a display start
position detecting circuit for detecting a dot clock count of
the counter corresponding to a display start position for
every horizontal scan line based on the comparing result, a
display end position detecting circuit for detecting a dot
clock count of the counter corresponding to a display end
position for every horizontal scan line based on the com-
paring result, a mimimum value detecting section for detect-
ing a minimum value of the dot clock counts corresponding
to the display start positions for the respective horizontal
scan lines for one screen, a maximum value detecting
section for detecting a maximum value of the dot clock
counts corresponding to the display end positions for the
respective horizontal scan lines for the one screen, and an
output section for outputting the minimum value and the
maximum value as the screen size data to the control section.

In order to achieve another aspect of the present
invention, a method of display an 1mage data signal 1n a
liquid crystal display apparatus connected to a computer
includes the steps:

receiving a horizontal sync signal, a vertical sync signal
and an 1mage data signal from a computer;

generating a dot clock signal from the horizontal sync
signal;
detecting a screen size data indicating a size for one

screen from the horizontal sync signal, a vertical sync signal,
an 1mage data signal and a dot clock signal;

changing a frequency of the dot clock signal based on the
detected screen size data, the horizontal sync signal and the
vertical sync signal; and

displaying the 1mage data signal on a liquid crystal
display unit 1n response to the dot clock signal having the
target frequency.

In order to achieve still another aspect of the present
invention, a liquid crystal display apparatus connected to a
computer mcludes a screen size detecting section for detect-
ing a screen size data indicating a size for one screen from
a horizontal sync signal, a vertical sync signal, an 1mage data
signal and a dot clock signal, wherein the horizontal sync
signal, the vertical sync signal and the 1mage data signal are
supplied from a computer, a PLL circuit for generating the
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dot clock signal from the horizontal sync signal based on a
frequency division control data, a control section for moni-
toring the horizontal sync signal and the vertical sync signal
to generate a first control data as the frequency division
control data to the PLL circuit, and for generating a second
control data as the frequency division control data to the
PLL circuit based on the screen size data, and a display
section mncluding a liquid crystal display unit, for displaying
the 1mage data signal on the liquid crystal display unit in
response to the dot clock signal having a target frequency.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram illustrating the structure of a
conventional the liquid crystal display apparatus;

FIG. 2 1s a block diagram illustrating the structure of a
liquid crystal display apparatus according to a first embodi-
ment of the present invention;

FIG. 3 1s a block diagram illustrating the structure of a
screen size detecting circuit shown in FIG. 2;

FIG. 4 1s a flow chart to explain the operation of a
microcomputer 1 adjustment of a dot clock signal;

FIG. § 1s a block diagram illustrating the structure of the
screen size detecting circuit shown in FIG. 2 1n detail;

FIGS. 6A to 6G are wavelorm diagrams to explain the
operation of the screen size detecting circuit; and

FIG. 7 1s a block diagram illustrating the structure of a
liquid crystal display apparatus according to a second
embodiment of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Next, a liquid crystal display apparatus of the present
invention will be described below 1n detail with reference to
the accompanying drawings.

FIG. 2 1s a block diagram 1illustrating the structure of the
liquid crystal display apparatus according to the first
embodiment of the present invention. Referring to FIG. 2,
the liquid crystal display apparatus 1s composed of an A/D
converter 11, an 1mage processing circuit 12, a liquid crystal
display unit 13, a PLL circuit 14, a microcomputer 15, a
table 16 and a screen size detecting circuit 17.

First, the microcomputer 15 measures a horizontal sync
signal and a vertical sync signal during a predetermined time
period, e€.g., one screen and calculates the frequency of the
horizontal sync signal and the frequency of the vertical sync
signal. The table 16 stores the contents similar to the above
Table 1 for various computers. The microcomputer 135 refers
to the table 16 to estimate the model of a signal source, 1.€.,
a computer connected to the liquid crystal display apparatus.
Then, the microcomputer 15 outputs frequency division
control data which 1s determined based on the resolution of
the signal source to the PLL circuit 14. The PLL circuit 14
receives the horizontal sync signal to generate a dot clock
signal based on the frequency division control data such that
the dot clock signal 1s adaptive for the computer. In this
manner, the PLL circuit 14 generates the dot clock signal
from the horizontal sync signal based on the control data.

Using the dot clock signal generated from the PLL circuit
14, the screen size detecting circuit 17 detects the clocks
during an effectively displayable signal period of the hori-
zontal image signal period. The screen size detecting circuit
17 outputs the mimimum value of the image display start
positions and the maximum value of the image display end
positions for one screen, to the microcomputer, 15 as screen
size data based on the detecting results.
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The microcomputer 15 subtracts the minimum value of
the 1mage display start positions from the maximum of the
image display end positions to calculate an effective screen
size 1n the horizontal direction, namely, a horizontal reso-
lution. The microcomputer 15 compares the calculated hori-
zontal resolution and the horizontal resolution of the signal
source previously estimated from the horizontal sync signal
and the vertical sync signal to determine a new frequency
division control data. Then, the microcomputer 15 outputs
the new frequency division control data to control the PLL
circuit to adjust the frequency of the dot clock signal such
that an error between both the horizontal resolutions is
climinated.

After the frequency of the dot clock signal 1s adjusted to
a proper value, the A/D converter 11 samples an 1mage
signal 1n accordance with the dot clock signal reproduced by
the PLL circuit 14 and converts 1nto a digital image signal,
like the conventional example. The data processing circuit
12 adjusts timing and so on such that the digital image signal
can be displayed on the liquid crystal display unit 13.

FIG. 3 1s a block diagram 1llustrating the structure of the
screen size detecting circuit 17. Referring to FIG. 3, the
screen size detecting circuit 16 1s composed of a dot clock
signal counter 21, a signal level comparing circuit 22, an
image display start position detecting circuit 23, an 1image
display end position detecting circuit 24, a minimum start
position detecting circuit 25, and a maximum end position
detecting circuit 26.

The dot clock signal counter 21 1s cleared 1n response to
input of the horizontal sync signal and always counts dot
clocks of the dot clock signal otherwise. The signal level
comparing circuit 22 always compares an analog image
signal with a predetermined reference level which 1s at a
level when no signal 1s inputted. The signal level comparing
circuit 22 outputs a signal of a high level when the image
signal 1s higher than the reference level, 1.e., when the 1mage
signal to be displayed 1s inputted. Also, the signal level
comparing circuit 22 outputs the signal of a low level, when
the 1mage signal 1s lower than the reference level, 1.e., when
the 1mage signal to be displayed 1s not nputted.

After the horizontal sync signal is inputted, the 1mage
display start position detecting circuit 23 latches the count
value of the dot clock signal counter 21 when the output
signal of the signal level comparing circuit 22 first changes
from the low level to the high level. That is, the 1mage
display start position detecting circuit 23 latches the count
value of the dot clock signal counter 21 1n the 1mage display
start position during one horizontal period.

After the horizontal sync signal 1s mputted, the 1image
display end position detecting circuit 24 latches the count
value of the dot clock signal counter 21 when the output
signal of the signal level comparing circuit 22 changes from
the high level to the low level immediately before the next
horizontal sync signal 1s inputted. That 1s, the 1mage display
end position detecting circuit 24 latches the count value of
the dot clock signal counter 21 in the 1mage display end
position during one horizontal period.

The minimum start position detecting circuit 25 detects
the smallest value of the 1mage display start positions
detected for respective horizontal periods during one vertical
pertod. The minmimum start position detecting circuit 235
outputs the detected smallest value as the minimum value of
the 1mage display start positions. The maximum end position
detecting circuit 26 detects the largest value of the image
display end positions detected for respective horizontal
pertods during one vertical period. The maximum end

10

15

20

25

30

35

40

45

50

55

60

65

6

position detecting circuit 26 outputs the largest value as the
maximum value of the 1mage display end positions.

The value obtained by subtracting the minimum value of
the 1mage display start positions from the maximum value of
the 1mage display end positions 1s set as the screen size of
the horizontal direction.

Next, the operation of the liquid crystal display apparatus
by the embodiment of the present invention will be
described. FIG. 4 1s a flow chart illustrating the processing
of the microcomputer 15 1n adjustment of the dot clock
signal.

First, in a step S41, the microcomputer 15 subtracts the
minimum value of the image display start positions from the
maximum of the image display end positions and sets the
result as a measured resolution.

Next, 1n a step S42, the horizontal resolution of the signal
source which has been estimated by referring to the table 16
based on the horizontal sync signal and the vertical sync
signal 1s set as a theoretical resolution. The measured
resolution and theoretical resolution are compared. If both
are coincident with each other, the processing ends. If both
are not coincident with each other, a step S43 1s executed.

In the step S43, the frequency of the dot clock signal 1s
adjusted based on the ratio of the theoretical resolution to the
measured resolution. For example, the theoretical resolution
of the horizontal sync signal of the signal source which has
been estimated from the vertical sync signal 1s assumed to be
640 dots. In this case, the frequency of the dot clock signal
1s assumed to be 31.5 MHz. Also, 1t 1s assumed that the
maximum value of the image display end positions 1s 800
and the minimum value of the 1image display start positions
1s 156. In this case, the measured resolution 1s 644 dots.
Because the frequency of the dot clock signal 1s too high, the
number of dots of the effective image data which should be
640 dots originally 1s measured as the 644 dots. In accor-
dance with, the frequency of the dot clock signal should be
lowered.

A new frequency of the dot clock signal 1s calculated 1n
accordance with the following equation.

(the new frequency of the dot clock signal)=(the current frequency
of the dot clock signal)x(the theoretical resolution)/(the mea-
sured resolution)

The microcomputer 15 determines a new frequency divi-
sion control data based on the determined new frequency of
the dot clock signal to output to the PLL circuit 14. In this
example, the PLL circuit 14 is controlled to generate the dot
clock signal having the following frequency from the above-
mentioned equation.

31.5x(640/644)=31.3 MHz

Next, the screen size detecting circuit 17 will be described
in detail. FIG. 5 1s a block diagram 1illustrating the more
detailed structure of the screen size detecting circuit 17.
FIGS. 6A to 6G are waveform diagrams illustrating the
waveforms of various signals of the screen size detecting
circuit 17.

When the horizontal sync signal and the 1mage signal are
mputted as shown in FIGS. 6A and 6B, a dot clock signal
counter 51 1s cleared 1n the period which the horizontal sync
signal has the low level. The dot clock signal counter 51
counts dot clocks of the dot clock signal during the period
when the horizontal sync signal 1s 1in the high level.

Also, a signal level comparing circuit 52 compares the
image signal and a reference level and outputs the signal
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having the low level when the 1image signal 1s lower than the
reference level and having the high level when the image
signal 1s higher than the reference level, as shown 1 FIG.
6C.

At this time, an AND circuit 531 and a flip-flop (F/F)
circuit 532 output signals as shown in FIGS. 6D and 6FE,
respectively. In accordance therewith, a latch circuit 533
latches the value of the dot clock signal counter 51 as the
image display start position at the rising edge of the output
signal of the flip-flop circuit 532. An inverter circuit 541
inverts the output signal of the signal level comparing circuit
52 and outputs the signal shown in FIG. 6F. Also, an inverter
circuit 543 inverts the horizontal sync signal and outputs the
signal shown 1n FIG. 6G. A latch circuit 542 latches the
value of the dot clock signal counter 51 at the rising edge of
the output signal from the inverter 541. A latch circuit 544
latches the value of latch circuit 542 at the rising edge of the
output signal of the inverter 543. In accordance therewith,
the value of the dot clock signal counter 51 as the image
display end position 1s latched by the latch circuit 544.

A digital comparator 551 compares the image display start
position 1nputted from the latch circuit 33 for every horti-
zontal period and the latched value of the latch circuit 552.
The latched value of the latch circuit 552 1s maintained when
the latched value of the latch circuit 552 1s smaller than the
inputted 1mage display start position. On the other hand,
when the latched value of the latch circuit 552 1s larger than
the mputted 1mage display start position, the digital com-
parator 551 outputs a clock trigeger. When the clock trigger
1s outputted from the digital comparator 551, the latch circuit
552 latches the latched value of the latch circuit $33. In this
manner, the minimum value of the 1mage display start
positions 1s latched by the latch 552 by repeating the above
processing during one vertical sync period.

A digital comparator 561 compares the image display end
position 1mnputted from a latch circuit 544 for every horizon-
tal sync period and the latched value of a latch circuit 562.
The digital comparator 561 outputs a clock trigger when the
latched value of latch circuit 562 1s smaller than the inputted
image display end position. A mimnimum value 1s previously
set to the latch circuit 562 1n response to the vertical sync
period. When the clock trigger 1s outputted from the digital
comparator 561, the latch circuit 562 latches the latched
value of the latch circuit 544. On the other hand, when the
latched value of latch circuit 562 is larger than the nputted
the 1mage display end position, the latch circuit 562 main-
tains the latched value. In this manner, the maximum value
of the 1mage display end positions 1s maintained by the latch
circuit 562 by repeating the above processing during one
vertical sync period.

In the above description, the frequency division control
data 1s set to the PLL circuit 14 twice to adjust the frequency
of the dot clock signal. A temporary frequency 1s set in
response to the first frequency division control data which 1s
determined by referring to the table 16 based on the moni-
toring of the horizontal sync signal and the vertical sync
signal. Then, a target frequency of the dot clock signal 1s set
in response to the second frequency division control data
which is determined based on the detected screen size (the
measured resolution) and the theoretical resolution obtained
in the reference to the table 16.

However, the target frequency of the dot clock signal may
be determined without determining the temporary fre-
quency. That 1s, as shown 1 FIG. 7, a dot clock signal
generating circuit 14' 1s employed 1n place of the PLL circuit
14 to generate a dot clock signal having a predetermined
frequency when no frequency division data is inputted. Also,

10

15

20

25

30

35

40

45

50

55

60

65

3

the detection of the screen size by the screen size detecting
circuit 17 and the determination of the theoretical resolution
by the microcomputer 15 and the table 16 may be performed
simultaneously. In this manner, the dot clock signal having
the correct frequency can be determined 1n one step, using
the measured resolution, the theoretical resolution and the
predetermined frequency.

As described above, according to the present invention,
the user does not have to manually adjust blur, color
deviation, and fluctuation due to the frequency difference of
the dot clock signal. Also, the liquid crystal display appa-
ratus can be automatically adjusted to an optimum display,
without using a specific 1mage signal for the adjustment.

What 1s claimed 1s:

1. A liquid crystal display apparatus connected to a
computer, said liquid crystal display apparatus comprising:

a first processor which detects detected screen size data
indicating a screen size for one screen of an image data
signal, said first processor evaluating data from a
horizontal sync signal, a vertical sync signal, said
image data signal and a dot clock signal, wherein said
horizontal sync signal, said vertical sync signal and
said 1mage data signal are supplied from said computer,
said first processor determining said detected screen
size by measuring a minimum display start position and
a maximum display end position of a screen of said
image data signal;

a phase locked loop which generates said dot clock signal
from said horizontal sync signal;

a controller which controls said phase locked loop to
generate said dot clock signal to have a target frequency
based on said detected screen size data, said horizontal
sync signal and said vertical sync signal, so that said
dot clock signal 1s adaptive for said computer; and

a display including a liquid crystal display unit, which
displays said image data signal 1n response to said dot
clock signal having said target frequency.

2. A liquid crystal display apparatus according to claim 1,
wherein said controller:

monitors said horizontal sync signal and said vertical sync
signal to generate first control data; and

generates second control data based on said detected
screen size data and said first control data,

wherein said phase locked loop generates said dot clock
signal having said target frequency based on a combi-
nation of said first and said second control data.
3. A liquid crystal display apparatus according to claim 2,
wherein said controller includes:

a table for storing a plurality of data sets, each of said data
sets representing a relation of a horizontal sync signal
frequency, a vertical sync signal frequency, a target dot
clock signal frequency and a target resolution; and

said controller measures said horizontal sync signal fre-
quency and said vertical sync signal frequency thereby
producing measured horizontal and vertical sync
frequencies, refers to said table based on said measured
horizontal sync signal frequency and said measured
vertical sync signal frequency to find a corresponding
target frequency, and outputs said first control data
corresponding to said target frequency to said phase
locked loop.

4. A liquid crystal display apparatus according to claim 3,
wherein said controller further calculates a ratio of said
target resolution to said detected screen size data and said
controller outputs, as said second control data, data obtained
by multiplying said ratio and said first control data.
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5. A liquid crystal display apparatus according to claim 1,
wherein:

said controller further monitors said horizontal sync sig-
nal and said vertical sync signal thereby producing a
monitoring result, and generates control data based on
said detected screen size data and said monitoring
result, and

wherein said phase locked loop generates said dot clock

signal having said target frequency based on said
control data.

6. A liquid crystal display apparatus according to claim 3§,
wherein said controller further includes:

a table which stores a plurality of model data each of
which represents a relation of a horizontal sync signal
frequency, a vertical sync signal frequency, a target dot
clock signal frequency and a target resolution; and

™

said controller measures said horizontal sync signal fre-
quency and said vertical sync signal frequency, refers to
said table based on said measured horizontal sync
signal frequency and said measured vertical sync signal
frequency to obtain said target frequency and said
target resolution, calculates a ratio of said target reso-
lution to said detected screen size data, and outputs, as
said control data, data obtained by multiplying said
ratio by said target frequency.
7. A liquad crystal display apparatus according to claim 1,
wherein said first processor comprises:

a counter which counts dot clocks of said dot clock signal
for every horizontal scan line of said image data signal;

a signal level comparator which compares said 1mage data
signal and a reference signal and produces a compari-
son result;

a second processor which calculates a dot clock count of
said counter corresponding to a display start position
for every horizontal scan line based on said comparison
result;

a third processor which calculates a dot clock count of
said counter corresponding to a display end position for
every horizontal scan line based on said comparison
result;

a fourth processor which calculates a minimum value of
said dot clock counts corresponding to the display start
positions for respective horizontal scan lines for one
screen of said image data signal;

a fifth processor which calculates a maximum value of
said dot clock counts corresponding to the display end
positions for respective horizontal scan lines for the one
screen of said image data signal; and

an output which outputs said minimum value and said
maximum value as said detected screen size data to said
controller.
8. Amethod of displaying an image data signal on a liquid
crystal display apparatus connected to a computer, said
method comprising:

receiving a horizontal sync signal a vertical sync signal
and an 1mage data signal from a computer;

generating a dot clock signal from said horizontal sync
signal;

detecting detected screen size data indicating a size for
one screen ol said 1image data signal from said hori-
zontal sync signal, said vertical sync signal, said image
data signal and said dot clock signal, said detecting
including measuring a mimimum display start position
and a maximum display end position of a screen of said
image data signal;
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changing a frequency of said dot clock signal to a target
frequency, based on said detected screen size data, said
horizontal sync signal and said vertical sync signal; and

displaying said image data signal on said liquid crystal
display apparatus 1n response to said dot clock signal
having said target frequency.

9. A method according to claim 8, wherein said changing

step mncludes:

monitoring said horizontal sync signal and said vertical
sync signal to generate first control data;

cgenerating said dot clock signal having a first frequency
based on said first control data;

generating second control data based on said detected
screen size data and said first control data; and

cgenerating said dot clock signal having a second fre-

quency as said target frequency based on a combination

of said first control data and said second control data.

10. A method according to claim 9, wherein said moni-
toring step further includes:

providing a table for storing a plurality of data sets, each
ol said data sets representing a relation of a horizontal
sync signal frequency, a vertical sync signal frequency,
a target dot clock signal frequency and a target reso-
lution;

measuring said horizontal sync signal frequency and said
vertical sync signal frequency to produce a measured
horizontal sync frequency and a measured vertical sync
frequency;

referring to said table based on said measured horizontal
sync signal frequency and said measured vertical sync
signal frequency to produce a referring result; and

outputting said first control data corresponding to said
target frequency based on said referring result.
11. A method according to claim 10, wherein said step of
generating second control data includes:

calculating a ratio of said target resolution to said detected
screen size data; and

outputting, as said second control data, data obtained by
multiplying said ratio by said first control data.
12. Amethod according to claim 8, wherein said changing
step mncludes:

monitoring said horizontal sync signal and said vertical
sync signal thereby producing a monitoring result;

generating control data based on said detected screen size
data and said monitoring result; and

cgenerating said dot clock signal having said target fre-
quency based on said control data.
13. A method according to claim 12, wherein:

said monitoring step further includes:

providing a table for storing a plurality of model data
cach of which represents a relation of a horizontal
sync signal frequency, a vertical sync signal
frequency, a target dot clock signal frequency and a
target resolution;

measuring said horizontal sync signal frequency and
said vertical sync signal frequency thereby produc-
ing a measured horizontal sync frequency and a
measured vertical sync frequency; and

referring to said table based on said measured horizon-
tal sync signal frequency and said measured vertical
sync signal frequency to obtain said target dot clock
signal frequency and said target resolution, and

wherein said step of generating control data includes:
calculating a ratio of said target resolution to said
detected screen size data; and
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outputting, as said control data, data obtained by mul-
tiplying said ratio by said target frequency.
14. Amethod according to claim 8, wherein said detecting
includes:

counting dot clocks of said dot clock signal for every
horizontal scan line of said image data signal;

comparing said 1image data signal and a reference signal
thereby producing a comparison result;

detecting a dot clock count of said counter corresponding
to a display start position for every horizontal scan line
based on said comparison result;

detecting a dot clock count of said counter corresponding
to a display end position for every horizontal scan line
based on said comparison result;

detecting a minimum value of said dot clock counts
corresponding to the display start positions for the
respective horizontal scan lines for one screen of said
image data signal;

detecting a maximum value of said dot clock counts
corresponding to the display end positions for the
respective horizontal scan lines for one screen of said
image data signal; and

outputting said minimum value and said maximum value
as said detected screen size data.
15. A liquid crystal display apparatus connected to a
computer through an interface, said iterface comprising:

a first processor which detects detected screen size data
indicating a size for one screen of an 1mage data signal
from a horizontal sync signal, a vertical sync signal,
said 1mage data signal and a dot clock signal, wherein
said horizontal sync signal, said vertical sync signal
and said image data signal are supplied from said
computer, said first processor determining said detected
screen slze by measuring a minimum display start
position and a maximum display end position of a
screen of said 1image data signal;

a phase locked loop which generates said dot clock signal
from said horizontal sync signal based on frequency
division control data; and

a controller which monitors said horizontal sync signal
and said vertical sync signal, and generates first control
data 1n response thereto; said controller further gener-
ates second control data based on said detected screen
size data, and outputs as said frequency division control
data, a combination of said first and second control
data.

16. A liquid crystal display apparatus according to claim

15, wherein said controller comprises:

a table for storing a plurality of data sets, each of said data
sets representing a relation of a horizontal sync signal
frequency, a vertical sync signal frequency, a target dot
clock signal frequency and a target resolution; wherein

said controller measures said horizontal sync signal fre-
quency and said vertical sync signal frequency thereby
producing a measured horizontal sync frequency and a
measured vertical sync frequency, refers to said table
based on said measured horizontal sync signal fre-
quency and said measured vertical sync signal fre-
quency thereby producing a referring result, and out-
puts said first control data corresponding to said target
frequency to said phase locked loop based on said
referring result.
17. A liquid crystal display apparatus according to claim
16, wherein said controller further calculates a ratio of said
target resolution to said detected screen size data and
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outputs, as said second control data, data obtained by
multiplying said ratio by said first control data.

18. A liquid crystal display apparatus according to claim
15, wherein said first processor comprises:

a counter which counts dot clocks of said dot clock signal
for every horizontal scan line of said image data signal;

a signal level comparator which compares said image data
signal and a reference signal thereby producing a

comparison result;

a second processor which detects a dot clock count of said
counter corresponding to a display start position for
every horizontal scan line based on said comparison
result;

a third processor which detects a dot clock count of said
counter corresponding to a display end position for
every horizontal scan line based on said comparison
result;

a fourth processor which detects a minimum value of said
dot clock counts corresponding to the display start
positions for respective horizontal scan lines for one
screen of said 1mage data signal;

a 1ifth processor which detects a maximum value of said
dot clock counts corresponding to the display end
positions for respective horizontal scan lines for one
screen of said 1mage data signal; and

an output which outputs said minimum value and said
maximum value as said detected screen size data to said
controller.
19. A liquid crystal display apparatus connected to a
computer, said liquid crystal display apparatus comprising:
a first processor which detects detected screen size data
indicating a screen size for one screen of an 1mage data
signal, said first processor evaluating data from a
horizontal sync signal, a vertical sync signal, said
image data signal and a dot clock signal, wherein said
horizontal sync signal, said vertical sync signal and
said image data signal are supplied from said computer;

a phase locked loop which generates said dot clock signal
from said horizontal sync signal;

a controller which controls said phase locked loop to
generate said dot clock signal to have a target frequency
based on said detected screen size data, said horizontal
sync signal and said vertical sync signal, such that said
dot clock signal 1s adaptive for said computer;

a display including a liquid crystal display unit, which
displays said image data signal 1n response to said dot
clock signal having said target frequency;

said controller monitors said horizontal sync signal and
said vertical sync signal to generate first control data;

said controller generates second control data based on
sald detected screen size data and said first control data,
wherein said phase locked loop generates said dot clock
signal having said target frequency based on a combi-
nation of said first and second control data; and

a table for storing a plurality of data sets, each of said data
sets representing a relation of a horizontal sync signal
frequency, a vertical sync signal frequency, a target dot
clock signal frequency and a target resolution, wherein
said controller measures said horizontal sync signal
frequency and said vertical sync signal frequency
thereby producing measured horizontal and vertical
sync frequencies, refers to said table based on said
measured horizontal sync signal frequency and said
measured vertical sync signal frequency to find a
corresponding target frequency, and outputs said first
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control data corresponding to said target frequency to
said phase locked loop; wherein

said controller further calculates a ratio of said target
resolution to said detected screen size data and said
controller outputs, as said second control data, data
obtained by multiplying said ratio and said first control
data.
20. A liquid crystal display apparatus connected to a
computer, said liquid crystal display apparatus comprising:
a first processor which detects detected screen size data
indicating a screen size for one screen of an 1mage data
signal, said first processor evaluating data from a
horizontal sync signal, a vertical sync signal, said
image data signal and a dot clock signal, wherein said
horizontal sync signal, said vertical sync signal and
said image data signal are supplied from said computer;

said first processor including

a counter which counts dot clocks of said dot clock
signal for every horizontal scan line of said image
display signal;

a signal level comparator which compares said image
data signal and a reference signal and produces a
comparison result;

a second processor which calculates a dot clock count
of said counter corresponding to a display start
position for every horizontal scan line based on said
comparison result;

a third processor which calculates a dot clock count of
said counter corresponding to a display end position
for every horizontal scan line based on said com-
parison result;

a fourth processor which calculates a minimum value
of said dot clock counts corresponding to the display
start positions for respective horizontal scan lines for
one screen of said 1image data signal;

a fifth processor which calculates a maximum value of
said dot clock counts corresponding to the display
end positions for respective horizontal scan lines for
the one screen of said 1image data signal; and

an output which outputs said minimum value and said
maximum value as detected screen size data to a
controller;

a phase locked loop which generates said dot clock signal
from said horizontal sync signal;

said controller controls said phase locked loop to generate
said dot clock signal to have a target frequency based
on said detected screen size data, said horizontal sync
signal and said vertical sync signal, so that said dot
clock signal 1s adaptive for said computer; and
a display including a liquid crystal display unit, which
displays said 1image data signal 1n response to said dot
clock signal having said target frequency.
21. A method of displaying an 1mage data signal on a
liquid crystal display apparatus connected to a computer,
said method comprising:

receiving a horizontal sync signal a vertical sync signal
and an 1mage data signal from a computer;

generating a dot clock signal from said horizontal sync
signal;

detecting detected screen size data indicating a size for
one screen of said image data signal from said hori-
zontal sync signal, vertical sync signal, said 1mage data
signal and said dot clock signal;

changing a frequency of said dot clock signal to a target
frequency, based on said detected screen size data, said
horizontal sync signal and said vertical sync signal;
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said changing including

monitoring said horizontal sync signal and said vertical
sync signal to generate first control data;

generating said dot clock signal having a first frequency
based on said first control data;

generating second control data based on said detected
screen size data and said first control data; and

generating said dot clock signal having a second fre-
quency as said target frequency based on a combi-
nation of said first control data and said second
control data;

said monitoring including

providing a table for storing a plurality of data sets,
cach of said data sets representing a relation of a
horizontal sync signal frequency, a vertical sync
signal frequency, a target frequency and a target
resolution;

measuring said horizontal sync signal frequency and
said vertical sync signal frequency to produce a
measured horizontal sync frequency and a measured
vertical sync frequency;

referring to said table based on said measured horizon-
tal sync signal frequency and said measured vertical
sync signal frequency to produce a referring result;

outputting said first control data corresponding to said
target frequency based on said referring result;

said generating second control data includes
calculating a ratio of said target resolution to said
detected screen size data; and
outputting, as said second control data, data obtained
by multiplying the ratio by said first control data; and
displaying said image data signal on said liquid crystal
display apparatus 1n response to said dot clock signal
having said target frequency.
22. A method of displaying an image data signal on a

liquid crystal display apparatus connected to a computer,
said method comprising:

receiving a horizontal sync signal, a vertical sync signal
and an 1mage data signal from a computer;

generating a dot clock signal from said horizontal sync
signal;

detecting detected screen size data indicating a size for
one screen of said image data signal from said hori-
zontal sync signal, said vertical sync signal, said 1mage
data signal and said dot clock signal;

said detecting mncluding

counting dot clocks of said dot clock signal for every
horizontal scan line of said image data signal;

comparing said 1mage data signal and a reference signal
thereby producing a comparison result;

detecting a dot clock count of said counter correspond-
ing to a display start position for every horizontal
scan line based on said comparison result;

detecting a dot clock count of said counter correspond-
ing to a display end position for every horizontal
scan line based on said comparison result;

detecting a minimum value of said dot clock counts
corresponding to the display start positions for the
respective horizontal scan lines for one screen of said
image data signal;

detecting a maximum value of said dot clock counts
corresponding to the display end positions for the
respective horizontal scan lines for one screen of said
image data signal; and

outputting said minimum value and said maximum
value as said detected screen size data;
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changing a frequency of said dot clock signal to a target
frequency, based on said detected screen size data, said
horizontal sync signal and said vertical sync signal; and

displaying said image data signal on said liquid crystal
display apparatus in response to said dot clock signal
having said target frequency.

23. A liquid crystal display apparatus connected to a

computer through an interface, said interface comprising:

a first processor which detects detected screen size data
indicating a size for one screen of an 1mage data signal
from a horizontal sync signal, a vertical sync signal,
said 1image data signal and a dot clock signal, wherein
said horizontal sync signal, said vertical sync signal
and said image data signal are supplied from said
computer;

a phase locked loop which generates said dot clock signal
from said horizontal sync signal based on frequency
division control data;

a controller which monitors said horizontal sync signal
and said vertical sync signal, and generates first control
data 1n response thereto, said controller further gener-
ates second control data based on said detected screen
size data, and outputs as said frequency division control
data, a combination of said first and second control
data; and

a table which stores a plurality of data sets, each of said
data sets representing a relation of a horizontal sync
signal frequency, a vertical sync signal frequency, a
target dot clock signal frequency and a target
resolution, wherein

said controller measures said horizontal sync signal fre-
quency and said vertical sync signal frequency thereby
producing a measured horizontal sync frequency and a
measured vertical sync frequency, refers to said table
based on said measured horizontal sync signal fre-
quency and said measured vertical sync signal fre-
quency thereby producing a referring result, outputs
said first control data corresponding to said target
frequency to said phase locked loop circuit based on
said referring result; calculates a ratio of said target
resolution to said detected screen size data and outputs,
as said second control data, data obtained by multiply-
ing said ratio by said first control data.

24. A liquid crystal display apparatus connected to a

computer through an interface, said interface comprising:

10

15

20

25

30

35

40

45

16

a first processor which detects detected screen size data
indicating a size for one screen of an 1mage data signal
from a horizontal sync signal, a vertical sync signal,
said 1image data signal and a dot clock signal, wherein
said horizontal sync signal, said vertical sync signal
and said i1mage data signal are supplied from said
computer;

said first processor including,

a counter which counts dot clocks of said dot clock
signal for every horizontal scan line of said image
data signal;

a signal level comparator which compares said image

data signal and a reference signal thereby producing
a comparison result;

a second processor which detects a dot clock count of
said counter corresponding to a display start position
for every horizontal scan line based on said com-
parison result;

a third processor which detects a dot clock count of said
counter corresponding to a display end position for
every horizontal scan line based on the comparison
result;

a fourth processor which detects a minimum value of
said dot clock counts corresponding to the display
start positions for respective horizontal scan lines for
one screen of said 1mage data signal;

a fifth processor which detects a maximum value of
said dot clock counts corresponding to the display
end positions for respective horizontal scan lines for
one screen of said 1mage data signal; and

an output which outputs said minimum value and said
maximum value as detected screen size data to a
controller;

a phase locked loop which generates said dot clock signal
from said horizontal sync signal based on frequency
division control data; and

said controller monitors said horizontal sync signal and
said vertical sync signal, and generates first control data
in response thereto, said controller further generates
second control data based on said detected screen size
data, and outputs as said frequency division control
data, a combination of said first and second control
data.
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